A Study on the Environmental Deterioration of Dental P.M.M.A. Bonded Parts by KIMURA, Hiroshi et al.
MEMOIRS OF THE FACULTY OF ENGINEERING 
FUKUI UNIVERSITY 
VOL.27 No. 2 1979 
A Study on the Environmental Deterioration 
of Dental P.M.M.A. Bonded Parts 
Hiroshi KIMURA*, Takuji YAMAGUCHI*, 
Tetsuro SHIRAISHI*, Masakazu TSUBOKAWA*, 
Takashi KAWABATA* 
(Received Jul. 5, 1979) 
In this paper we describe an experimental study on the environ-
mental deterioration of dental polymethyl methacrylate bonded 
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parts. As a result of this series of test and experiments, it was 
found that no big difference was found in terms of tensile strength, 
bending strength and electron microphotography with regard to the 
base material and the bonded materials after deterioration by 
weather and by calciumphosphate-glycerine. Roughness of the surface 
became a little finer after deterioration. 
1. INTRODUCTION 
P.M.M.A. for dental use having characteristics of good adaptation in 
color to natural tooth, insolubility with saliva, easy molding and 
cheapness in price 1)-9) is extensively used for artificial tooth, 
resin base, filling and tooth crown. When we compare resin tooth with 
porcelain tooth, the former has many merits that it hardly breaks 
because of its bigger resistance against impact, that cracks do not 
occur in resin base around an artificial tooth as thermal expansion 
modulus of the resin tooth is same as that of resin base, that no 
retention form is necessary since the tooth is adhered to resin base, 
etc. 10) The fact that the resin can be adhered to or welded each other 
is certainly very helpful in dental prosthesis or repairs.l~~l~ 
Reported in this article are the results of experiments in which 
environmental deterioration of bonded part of P.M.M.A. for dental use 
is sought for. Bonding of molding material of heat curing P.M.M.A. was 
conducted by heat curing P.M.M.A. and self-curing P.M.M.A .. As simula-
tion of environmental conditions, recommended practice for accelerated 
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artificial exposure experimen~~nd dipping experiment in the mixture 
of calcium-phosphate and glycerine which is close to dental environ-
ment were carried out. Test pieces subjected to these experiments 
were then gone through tension, bending and surface roughness tests 
and their fractures were observed by scanning type electron micro-
scope. 
2. EXPERIMENTAL MATERIALS AND EXPERIMENTAL METHOD 
Base material used in this series of experiments was Denture Acrylic 
SHOFU "Bio" resin, and molding conditions were that the material was 
heated in metal mold by hot press to 100°C under 100kg/cm2 for 45 
minutes and cured thereafter by natural cooling. The material so 
treated was then cut into long rectangular test pieces of 50 x 10 x 2 
mm for adhesion test. Adhesion process was by filling heat curing 
P.M.M.A. and self-curing P.M.M.A. into root gap of butt joint of the 
test pieces which were set lmm apart. Hardening conditions were heat 
curing in 100°C for 45 minutes without applying pressure and self-
curing in 20°C for 60 minutes also without applying pressure, respec-
tively. Tension test was conducted with Autograph IS-2000 in 10mm/min 
load velocity, while bending test was conducted by applying 3-point 
bending of 50mm span length at the adhered part in the center of long 
rectangular test pieces of (50 + 1 + 50) x 10 x 2mm. Tension fracture 
was observed by a scanning type electron microscope, and deterioration 
by Weather Meter was checked by a universal surface profile measure-
ment instrument, KOSAKA LABO TR 100X. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
Fig.l shows the results of tension test after environmental deterio-
ration by Weather Meter corresponding to 3 years, and very little 
changes are observed. Fig.2 shows the elongation observed after the 
deterioration, from which it is known that, although the base material 
showed decrease of about 32% in the first 1 year, the bonded materials 
gave no changes at all. Fig.3 is the modulus of longitudinal elasti-
city, each of which is observed to have increased by about 8% after 3 
years deterioration. Joint efficiency is shown in Fig.4, from which it 
is found that the material treated by heat curing and self-curing 
adhesives gave the efficiency of about 80% and 70% respectively, and 
there was no big difference. From Fig.5 showing the results of the 
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bending test, it is found that bending strength of the base material, 
the bonded material by heat curing adhesive and the bonded material by 
self-curing adhesive was 10, 7 and 5kg/mm 2 respectively, each of which 
fell by about 10% after 3 years. Deflections are shown in Fig.6, from 
which it is found that the base material showed decrease of about 32% 
in the first year, while both of the bonded materials showed no change 
and gave the same tendency as in the case of elongation in tension 
test. Modulus of bending elasticity is shown in Fig.7, and it is known 
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that all of the moduli increased by about 20% in 3 years. Fig.8 shows 
joint efficiency: efficiency of the bonded material by heat curing 
adhesive was about 70%, while that of the bonded material by self-
curing adhesive was about 50% and showed very little change. Results 
of tension test after dipping in calciumphosphate-glycerine are shown 
in Fig.9, from which we can not find any change with any of the mate-
rials after 672 hours of dipping. Fig.IO shows the results of tension 
test of the materials after dipping, and it is found the base material 
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showed decrease of about 20% in elongation after the first 336 hours 
of dipping,while the bonded materials gave no change. Modulus of longi-
tudinal elongation of each of the materials increased by about 10% 
after dipping for 612 hours, and such results are shown in Fig.ll. 
Joint efficiency of the materials after dipping is shown in Fig.12, 
from which it is found that the bonded materials by heat curing and 
self-curing adhesives showed very little change as small as 80% and 
70% respectively as compared with the condition before dipping. Fig.13 
shows results of bending test: strength of the base material, the 
bonded material by heat curing adhesive and the bonded material by 
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self-curing adhesive was 10, 7 and 5kg/mm2 , which means no change from 
the original figures. Fig.14 shows deflection of the materials after 
dipping, and we can see that the tendency was very similar to that of 
the Fig.6, in which the deflection of the materials after deteriora-
tion with Weather Meter is given. Modulus of bending elasticity of the 
materials after dipping test is shown in Fig.15, from which it is 
found that the modulus of each of the materials showed increase of 
about 20% after dipping for 672 hours. Fig.l6 shows joint efficiency 
of these materials: the bonded material by heat curing adhesive and the 
bonded material by self-curing adhesive showed about 75% and 55% res-
(a) W?ather-meter , T = Oh 
(b) Weather-meter, T=2B8h 
(e) Weather-meter, T=576 h 
Fig.17 Results of surface 
roughness test. 
pectively, both of which gave 
no remarkable change. Results 
of surface roughness test are 
shown in Fig.17, from which we 
can find that roughness of sur-
face of the materials after 
deterioration by Weather Meter 
was rather smaller, i.e. 60% at 
T=288 hours and 54% at T=576 
hours compared with before 
deterioration. Photographs 1-3 
show pictures taken by scanning 
type electron microscope of 
fractures by tension of (A) the 
base material, (B) the bonded 
material by heat curing adhesive 
and (C) the bonded material by 
self-curing adhesive, before 
and after weather deterioration, 
and after dipping. All of the 
fractures of the bonded materials 
were interfacial fractures, and 
it is to be noted that on the 
(A) Base material. 
(B) Bonded material by 
heat curing adhesive. 
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(C) Bonded material by 
self-curing adhesive. 
Photo.l The appearances of ten-
sile fracture surfaces before 
deterioration test. 
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(A) Base material. 
(B) Bonded mate~ial by 
heat curing adhesive. 
(C) Bonded material by 
self-curing adhesive. 
Photo.2 The appearances of ten-
sile fracture surfaces after 
exposure for 576h in weather 
meter. 
(A) Base material. 
(B) Bonded material by 
heat curing adhesive. 
(C) Bonded material by 
self-curing adhesive. 
Photo.3 The appearances of ten-
sile fracture surfaces after 
dipping for 672h in calcium-
phosphate-glycerine at 80°C. 
fracture of the bonded material by self-curing adhesive, marks made 
by sand paper before adhesion were perceptible. There were no diffe-
rence between the materials deteriorated by weather and by dipping. 
4. CONCLUSION 
The following summary can be made from the results of the present 
research. As a result of this series of experimental and theoretical 
methods, it was found that; 
1) No big difference was found in terms of tensile strength, bending 
strength and electron microphotography with regard to the base mate-
rial and the bonded materials after deterioration by weather and by 
calciumphosphate-glycerine. 
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2) Roughness of the surface became a little finer after deterioration. 
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